Objective: To describe the clinical and ultrasonographic (US) findings in patients with scleredema adultorum of Buschke, who presented with sclerotic skin on their posterior neck. Materials and Methods: After obtaining IRB approval, eight patients with scleredema adultorum of Buschke were enrolled. They underwent US examination of their posterior neck. The diagnoses were confirmed pathologically. The clinical history and US images were evaluated retrospectively. Dermal thickness was compared between the patient group and the age-and sex-matched control group. Results: The patients included seven males and one female with a mean age of 51.5 years. All patients presented with thickening of the skin and/or a palpable mass on the posterior neck. Five (62.5%) of the eight patients showed erythematous discoloration. Six patients (75.0%) had a history of diabetes. The Hemoglobin A1c level was found to be increased in all patients. US images did not show any evidence of a soft tissue mass or infection. The mean dermal thickness in patients (7.01 ± 1.95 mm) was significantly greater than that in the control group (3.08 ± 0.87 mm) (p = 0.001). Multiple strong echogenic spots in the dermis were seen in all patients. Seven patients (87.5%) showed posterior shadowing in the lower dermis. Conclusion: When a patient with a history of diabetes presents with a palpable mass or erythematous discoloration of the posterior neck and US shows the following imaging features: 1) no evidence of a soft tissue mass or infection, 2) thickening of the dermis, 3) multiple strong echogenic spots and/or posterior shadowing in the dermis, scleredema adultorum of Buschke should be considered in the differential diagnosis.
INTRODUCTION
tool for the evaluation of a soft tissue mass such as subcutaneous lipoma, epidermal inclusion cyst, chronic abscess, hematoma, etc. However, a lot of patients showed skin thickening without any soft tissue mass. Among them, patients with scleredema, also known as scleredema adultorum of Buschke, have the characteristic pattern of skin involvement and clinical features (1, 2) . It typically begins in the posterior neck skin (3, 4) . Hands and feet are characteristically spared. Raynaud's phenomenon or internal organ involvement is infrequent (3, (5) (6) (7) . Scleredema may occur secondarily to diabetes or independently (2, 4, 8, 9) .
Although dermatologists have paid attention to this disease entity, specialists at other departments or radiologists are not familiar with it. Furthermore, US findings have been rarely published in the English literature kjronline.org infection such as subcutaneous fat edema, focal abscess or increased vascularity either on US and color Doppler imaging.
The thickness of the dermis, presence of multiple echogenic spots, and posterior shadowing were evaluated in the patient group. The thickness of the dermis was measured at the most thickened area. The distance from the epidermal reflection to subcutaneous fat was considered as the dermal thickness, because a very thin hypoechoic epidermis was not always clearly separated (Fig. 1B) . The presence of multiple echogenic spots was considered if strong echogenic foci without posterior shadowing were detected in the dermis (Fig. 1C) . When posterior structures were partially (Fig. 1B) or completely ( Fig. 2A ) invisible due to signal voids, the presence of posterior shadowing (10) . There is a possibility of misdiagnosing scleredema, and eventually it can lead to improper treatment. The purpose of this study was to describe the clinical and US findings in patients with scleredema adultorum of Buschke, who presented with sclerotic skin on their posterior neck.
MATERIALS AND METHODS

Patients
This study was approved by our Institutional Review Board. The requirement for obtaining informed written consent was waived for the patient study owing to the retrospective nature of the study, but it was obtained from all volunteers for the comparison study. After a computerized search of medical and US study records, we initially recruited 13 patients who had sclerotic skin thickening without any soft tissue mass on the posterior neck on US examination. For confirming the final diagnosis, medical records and histopathologic examinations were reviewed. Five patients were excluded. Two patients had an uncertain diagnosis. Three patients were diagnosed with scleredema adultorum of Buschke on a clinical basis, but histopathologic studies were not performed. Finally, we enrolled 8 patients (seven males and one female with a mean age of 51.5 years [range, 36-70 years]) with scleredema adultorum of Buschke who underwent US examination of their posterior neck and pathological examinations.
The clinical data such as age, sex, clinical symptoms and the duration of symptoms were evaluated retrospectively. An association with diabetes mellitus has been reported (2, 4, 8, 9) . Therefore, the history of diabetes and the level of Hemoglobin (Hb) A1c were also reviewed.
US and Imaging Analyses
Ultrasonography examination was performed by an experienced musculoskeletal radiologist (with 15 years of experience) in the prone position owing to the anatomic location of the lesion (Fig. 1A ). An ultrasound system (iU22; Philips, Seattle, WA, USA) with a 12-5 MHz high-frequency linear array was used.
Imaging findings were reviewed by two musculoskeletal radiologists, and an interpretation was achieved by consensus. Initially, the presence of a hidden soft tissue mass such as iso-echogenic lipoma was considered. Some patients presented with skin discoloration or redness. Therefore, we also evaluated the evidence of soft tissue kjronline.org was considered. Five of the eight patients had erythematous skin swelling, and therefore, vascularity of the lesion was assessed with color Doppler imaging.
In a previous study by Cole et al. (10) , US showed a difference in dermal thickness between the patient group and the control group. Also, the dermal thickness can change, depending on the difference in the anatomical site, age, and sex. Therefore, we enrolled eight age-and sexmatched normal volunteers (age range: 42−58 years, mean age: 48.4 years, seven males and one female) and compared the dermal thickness between the patient group and the control group. The control group did not have any history of diabetes and connective tissue disorders.
Statistical Analysis
The mean values of the dermal thickness between the patient and control groups were compared using the MannWhitney U-test. A p value less than 0.05 was considered statistically significant. The statistical analysis was performed by using SPSS software (version 23.0; IBM Corp., 
RESULTS
All patients presented with thickening of the skin or a palpable mass on the posterior neck. Five (62.5%) of the eight patients showed erythematous discoloration.
Other clinical findings of these eight patients are described in Table 1 . The period of symptoms varied, ranging from 2 months to 10 years. Six (75.0%) of the eight patients had a history of diabetes; two patients denied any history of diabetes. Nevertheless, all patients showed increased Hb A1c level (6.7-11.8%).
Ultrasonography and color Doppler images did not show any evidence of hidden masses or soft tissue infection. Other US findings, including dermal thickness, presence of multiple echogenic spots, and posterior shadowing in the dermis, are shown in Table 1 . The thickness of the dermis in patients ranged from 3.1 mm to 9.1 mm. In all patients, multiple echogenic spots in the dermis were observed. Seven (87.5%) of the eight patients showed posterior shadowing, especially in the lower dermis.
The mean dermal thickness in the patient group (7.01 ± 1.95 mm) was found to be significantly increased, compared to that in the control group (3.08 ± 0.87 mm) (p = 0.001). This result was similar to that in a previous study by Cole et al. (10) .
DISCUSSION
Scleredema is a rare connective tissue disease of unknown etiology that belongs to a group of sclerodermalike disorders (1, 7, 11) . It is characterized by symmetric and non-pitting induration of the skin due to thickening of the dermis and deposition of collagen and mucin (3, 4) . It is typically begins on the posterior and lateral aspects of the neck, and then, it gradually extends to the upper back, shoulders and face.
Patients with sclerodema or other scleroderma-like disorders (pseudoscleroderma) also present with sclerosis of the skin (1, 2, 11). Scleroderma, also called systemic sclerosis, is characterized by fibrosis of the skin and internal organs and vasculopathy. Raynaud's phenomenon is a common and cardinal manifestation (12) . The list of scleroderma-like disorders includes localized (circumscribed) forms of scleroderma (morphea), stiff skin syndrome, eosinophilic fasciitis, scleredema adultorum of Buschke, diabetic scleredema, scleromyxedema, dialysis-associated scleromyxedema, pseudosclerodermas induced by various drugs, environmental and occupational factors, etc. (11). Differential diagnosis is based on clinical, laboratory, and histologic criteria defined by experts (2) .
The pattern of cutaneous involvement can be useful for the differential diagnosis (1, 2). For instance, scleroderma (systemic sclerosis) has a predilection for the hands and perioral region before skin thickening becomes more generalized and widespread, whereas localized forms of scleroderma (morphea) involve the trunk, extremities and the face (11, 13) . However, scleroderma initially appears on the skin of the posterior neck. In this study, eleven of the thirteen patients with posterior neck skin thickening on US were diagnosed with scleredema clinically or pathologically. In eight patients, the diagnosis was confirmed by histopathologic examination.
Graft et al. have described three types of scleredema (1, 6, 7). Type 1 is the "classic type," with preceding febrile illness. Most cases resolve completely over a period of several months to two years. Type 2 tends to follow a slow and progressive course, with an increased risk of developing para-proteinemia including multiple myeloma. Type 3 is a (4) reported that diabetes was observed in about 50% of the documented cases of scleredema. However, nowadays, there is a tendency to distinguish diabetic scleredema from scleredema adultorum of Buschke (14, 15) . In this study, in six of the eight patients, diagnoses were confirmed by histopathologic examinations, and they had a documented history of diabetes. The level of Hb A1c was found to be increased in all patients. Therefore, it appears that our cases of scleredema closely correlate with diabetes. It was our impression that US findings might correlate with certain pathologic features. The pathologic features of scleredema include thickened dermis and deposition of mucin and collagen in the dermis. The epidermis is usually thin and unaffected (Fig. 2B, C) . In our study, prominent dermal thickness was measured. The mean dermal thickness in the patient group was two-fold compared to that in the control group. Pathologic studies showed multifocal mucin depositions between collagen fibers and Alcian blue staining, especially in the deep dermis (Fig. 2D) (3, (6) (7) (8) 14) . We suspected that mucin deposition might be attributable to strong echogenic spots on US imaging (Figs.  1C, 2D ). In the thickened dermis, collagen bundles were enlarged and swollen, and clear spaces between collagen bundles were observed due to split appearance. This was prominent in the lower dermis. On US study, seven of the eight patients (87.5%) showed posterior shadowing, especially in the lower dermis. We thought that these pathologic changes (enlarged and swollen collagen bundles and presence of clear spaces) could serve to produce posterior shadowing.
We did not determine whether these imaging findings (dermal thickening, echogenic spots in the dermis and posterior shadowing) were specific to scleredema. Other sclerotic dermal disorders (sclerodema or other sclerodermalike disorders) may show similar US findings. Also, when patients with sclerotic dermal disorders present with a palpable mass or induration, the primary purpose of the US study is to confirm or rule out the presence or absence of a subcutaneous mass or soft tissue infection. However, scleredema has a propensity to affect the skin of the posterior neck, and it frequently affects the individuals who suffer from diabetes. This clinical history may be useful in diagnosing scleredema with US.
In our study, five of the eight patients had erythematous skin swelling. The skin and subcutaneous fat infections such as dermatitis, panniculitis, cellulitis, and abscess should be excluded. US appearance of cellulitis ranges from diffuse swelling and increased echogenicity of the skin and subcutaneous fat to a variable cobblestone appearance depending on the amount of perifascial fluid (16) . Cutaneous panniculitis-like T cell lymphoma can show a similar appearance to cellulitis (17) . Cellulitis and cutaneous panniculitis-like T cell lymphoma can involve the skin and subcutaneous fat, but prominent appearance was observed in the subcutaneous fat. US can help differentiate sclerotic dermal disorders from these disorders.
In our study, dermal echogenicity of the lesion except for posterior shadowing was iso or slight hyperechogenic in comparison with the adjacent dermis. If posterior shadowing is not prominent, the lesion may not be clearly distinguished from the adjacent dermis (Fig. 1) .
Numerous therapies have been tried with contradictory results including corticosteroid therapy, immunosuppressant therapy, bath PUVA, UVA-1 phototherapy, etc. (1, 2) . General clinicians or radiologists are not familiar with this disease entity. There is a possibility that scleredema might be misdiagnosed as cellulitis or subcutaneous lipoma. Therefore, familiarity with this disease entity and diagnosis by using US can potentially prevent inappropriate treatment.
This study has several limitations. First, the small sample size limited the evaluation of more proper US imaging features. Further comparison study between scleredema and other sclerotic skin disorders is needed. In addition, because this was a retrospective study, laboratory tests were not performed completely to rule out other collagen vascular diseases.
In conclusion, when a patient with a history of diabetes presents with a palpable mass or erythematous discoloration of the posterior neck and US shows the following imaging features: 1) no evidence of a focal mass or soft tissue infection, 2) thickening of the dermis, 3) multiple echogenic spots and/or posterior shadowing, scleredema should be considered in the differential diagnosis.
